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The chief aim of the work presented in this thesis 
has been to devise methods suitable for the cultivation of 
various tissues of a limited number of insects, and of 
different stages of the same insect. 	When this work was 
begun just over two years ago, the problem of designing a 
method for successfully inducing the proliferation of 
insect cells in primary cultures seemed almost unsurmountable. 
For nearly fifty years, insect physiologists had tried in 
vain to resolve this unexpectedly difficult problem. 
On the view that embryonic insect tissue might prove 
suitable as a source of explant material for cultures, 
efforts were made initially to explore the possibilities of 
using the embryonic tissues of a locust. 	The eggs of this 
insect are large and the young embryos can be dissected 
out with ease. 	Material can be obtained plentifully and 
procuring embryonic tissue extract for incorporating in a 
culture medium presents no problem. 	During the 
exploratory phase when locust tissues were being tested, a 
great deal of valuable information was gathered and results 
of much value on methods of dispersing insect tissues were 
obtained. 
However, several difficulties became apparent and not 
the least of these was the possibility that intra-cellular 
2. 
microbiotes were responsible for rendering the locust 
tissues not as suitable as they might be for culturing in 
vitro. 	Whereas it was possible to maintain locust 
tissues in vitro for periods long enough to make 
observations on the behaviour of the tissues and cells, 
one could not claim that any spectacular advances had 
been made by using this material. 	Neither were the 
results when using tsetse fly tissue more encouraging. 
The work unfolded along quite different lines, however, 
when media were designed to induce the growth of ovarian 
tissue derived from diapausing pupae of the silkmoth. 
Primary cultures in which cell proliferation occurred were 
established and the work has already been published (Jones 
and Cunningham, 1960 9 1961). 
This SUCCeSS was followed by investigations on the 
relationships between the lag phase in the cultures and 
the length of the period in which the pupa donor of the 
explant tissue had been in diapause. 	These were 
accompanied by efforts to cultivate various larval and 
imaginal bud tissues of the fruit-fly and the ovaries of 
the same insect with particular attention being paid to 
isolating the nurse cells, the centres of RNA synthesis, 
with a view to trying to estimate how long they could be 
maintained. 
3. 
The problem of cultivating haemocytes also demanded 
attention because these cells, if they could be grown in 
vitro, present the enormous advantage of being available in 
large numbers as separate cells. 	Here is ready made 
material for seeding cultures with' innocula of susoended 
cells. 
Information on the nutritional, requirements of 
insect cells in vitro was unlikely to be forthcoming as 
long as a complex fluid like haemolymph had to be 
incorporated in the culture medium. Yet another line of 
investigation was begun to test the efficiency of inert 
compounds having high molecular weight to act as a 
substitute for haemolymph in culture media. 	Although 
still in the exploratory phase, sufficient results of a 
most encouraging kind have already been obtained and thesó 
are presented towards the end of the thesis. 
It will be apparent that some of the lines of work 
need to be explored further. 	Indeed the effect of the 
length of diapause on the lag phase in cell cultures, aid 
the use of compounds as a substitute for haemolymph in 
culture media will be investigated further. 	However, 
the work had reached a stage when it was time to take 
stock of the results of the different approaches that had 
been made to the problem of insect tissue culture and those 
have been presented In the form of a thesis. 
4. 
PAST TRENDS IN ATTEMPTS TO CULTIVATE INSECT TISSUES 
AND CELLS 
Judging from the compilations of references to work 
on attempts to cultivate insect tissues by Murray and 
Kopech (1953), Hartzell (1958) and Day and Grace (1959) 
it seems that only within the last decade has there been 
encouraging signs that it may be possible to devise a 
method of insect tissue culture. 	The problem of doing 
this has been unexpectedly difficult. 
The original method of growing fragments of tissues 
in a plasma clot was devised by Harrison (1907). 	The 
technique was adapted by Goldschmidt (1915) who attempted 
to cultivate male sex cells of Cecropia pupae in a 
simple medium consisting of haemolymph. 	The germ cells in 
the simple hanging-drop preparations displayed maturation 
division. 
Most of the early workers were mainly interested in 
gametogenesis and they seldom aspired to using media more 
complicated than a mixture of salts and haernolymph. 
Similar studies to those of Goldschmidt (1915) were made 
to observe meiosis in male germ cells to elucidate further 
the problem of gametogenesis (Lewis 1916; Lewis and 
Robertson 1916; Chambers 1925; Baumgartner and Payne 1930; 
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Stein 1940; Duryee 1948; Ris 1949; Schmidt and Williams 
1949). 	However, in the preparations the germ cells could 
only be observed for a couple of hours. 	Moreover, the 
development of the gametes was only a continuation of 
development already under way in the intact insect. 	A 
similar situation is seen in the work of Frew (1928) who 
demonstrated that leg discs of the blowfly larvae 
evaginated and underwent development in a culture medium 
prepared from early pupae, but failed in a medium prepared 
from older pupae or larvae. 
Numerous observations on the behaviour of haemocytes 
in vitro have been made. 	Glazer (1917) found that the 
haemocytes of silkworms and grasshoppers displayed 
limited multiplication in a culture medium consisting of 
haemolymph and Locke's physiological solution. 	Hiemocytes 
of Drosophila hv been cultivated by Fischer and 
Gottschewski (1939) and Horikawa and Kuroda (1959). 
LUscher (1947) observed the behaviour of haemocytes and the 
growth of the epithelial tissue of Rhodriiva orolixus inside 
a capillary tube inserted in place of the distal part of 
the tibia. 	He observed many cell divisions on the 
first day in the tissue which had protruded into the 
capillary, but after the sixth day the cells became 
vacuolated and they degenerated. 
6. 
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The first encouraging breakthrough in the field of 
insect tissue culture was made by Trager (1935). 	He 
employed a medium containing maltose, balanced salt solution 
and egg albumin digest to induce the cells of the ovarian 
tissue of a silkworm to migrate. 	He was primarily interested, 
however, in the viruses that were introduced into the cultures 
and multiplied in the cells. 	These encouraging results 
led to attempts to cultivate other kinds of insect tissues 
in more complex media mostly based on the composition of 
those employed for vertebrate tissues. 	Pfeiffer (1937, 
1939 9 1943) attempted to grow the supra and suboesophaqeal 
ganglia of the ventral nerve chord of Corethra larva in 
this type of medium. 	Nervous tissue of the grasshopper 
was cultivated by Carlson (1946). 	The results of 
attempts to cultivate imaginal discs of the mosquito 
(Trager 1938) and salivary glands and gut of the mosquito 
(Gavrilov and Cowes 1941) were somewhat discouraging. 
These disappointing results prompted Goodchild (1954) 
to state that there was no indication that insect tissues 
could be cultured like vertebrate tissues. 	He severely 
criticised the claims of workers and remarked that little 
more had been achieved than that growth took place during 
experiments of extremely short iuration, usually a matter of 
a few days, and that cell migration without division had 
B. 
occurred. 
A review by Buck (1953) revealed how profoundly insect 
haemolymph differed from vertebrate blood, and it was thought 
that a physiological solution based on the composition of 
haemolymph might favour the :rowth of insc. cells in 
vitro. 	Grace (1954) used extracts of insect tissues, 
vitamins, glutathione, cysteine, cholesterol and 
concentrations of amino acids corresponding to those found 
in haemolymph by Buck (1953) in a medium in which different 
tissues were placed. 	The results, however, showed no 
improvement on previous ones. 
Duchateau, Florkin and teclerq (1953), Sarlet, 
Duchateau and Florkin (1952) and Vyatt, Loughheed and 
Wyatt (1956) worked on the chemistry of silkworm 
haemolymph and helped Wyatt (1956) design a physiological 
solution containing amino acids, sugars, and organic acids 
as they normally occur in the haemolymph. 	With this 
solution, Wyatt (1956) obtained cultures of silkworm 
ovarian tissue that were superior to those of Trager (1935). 
The addition to this medium of the members of the vitamin 
B group and cholesterol were said to improve the 
appearance of the cultures, but they did not stimulate cell 
division (Grace 1958). 
The possibility of establishing a cell strain was 
VIM 
investigated by Vago and Chastang (1958) who cultured 
ovaries of Bmbvx MQjj in roller tubes containing 
physiological solution, casein hydrolysate, yeast extract 
and heat treated haemolymph. 	They transferred the cells 
which had migrated from the ovarian explants to fresh 
tubes and reported the formation of dense areas of 
fibroblasts and epithelial sheets. 	Beckel (1956) kept 
muscle tissue of mosquito ovary contracting in a synthetic 
medium M 150, based on the culture medium M 199 (Morgan, 
Morton and Parker 1950) for 60 days but found the cultures 
deteriorated when haemolymph was added. 	The toxic 
polyphenols in the haemo1ymh are inactivated by exposure 
to a temperature of 600 C. (Bodine, Tahmisian and Hill 
(1944); this treatment, ayatt (1956) discovered rendered 
the haemolymph less non-toxic. 	The vertebrate tissue 
culture medium IC 199 was used by Loeb and Schneiderman 
(1956) who succeeded in maintaining epidermis from pupal 
wing and antenna alive for thirty days. 	They discovered 
that by adding Z Bactopeptone longer cell survival was 
achieved in their cultures. 	Trager (1959 a & b) 
incorporated bacteriological media, lactalbumin hydrolysate 
and yeast extract, into his culture medium which produced 
migration of cells from various tissues of tse-tse fly 
pupae. 
More recently, however, Medvedeva (1960) recorded 
the presence of large numbers of polynucleate cells in 
- outgrowths from silkworm ovary in Trager's medium + 
3 haemolymph. 	First results of Drosophila tissue 
culture were claimed by Castiglioni and Raimondi (1961). 
Although claims of survival of cells have been put 
forward by most of the earlier workers, evidence that 
growth was taking place by cell division was not presented 
(Martignoni 1960). 	The work published by Jones and 
Cunningham, 1960, 1961 establishes the fact that primary 
cell cultures of ovarian tissue of diapause pupae may be 
regarded as being comparable with that of primary cultures 
of vertebrates. 
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SUITABILITY OF INSECT TISSUES AS A SOURCE OF 
EXPLANT MATERIAL 
The haemolymph of insects is the only body fluid or 
extracellular fluid present corresponding to both the lymph 
and the blood of higher animals. 	It resembles the blood 
of vertebrates in that it is an aqueous plasma containing 
blood cells or haemocytes. 	Hw9ver, It is different in 
that it directly bathes the tissues. 	The haemolymph 
contains the raw materials and the metabolic products of 
the physiological activities of the body and its 
composition, as one would expect, varies in growing and 
metamorphosing insects. 	Buck (1953) pointed out the 
extreme variations in its physical and chemical properties 
that occur among different species and in different stages 
of the same soecies. 
The circulatory system of insects is virtually an open 
one, the flow of haemolymph being maintained by a series of 
muscular pumps and septa. It serves a variety of 
functions. 	For example it is responsible for carrying 
materials to their sites of action, transporting metabolic 
products from active tissues to other tissue, preventing in 
the role of a buffer, excessive fluctuations in osmotic 
pressure in localised regions. 	Occasionally the system 
11. 
12. 
plays a part in respiration as in the case of Chironomous 
in which the haemo].ymph contains haemoglobin. 	However, 
the low oxygen content of the blood of most insects implies 
that it is little concerned in respiration. 
The flow of haemolymph is aided by the pumping action 
of the heart. 	This is oart of the dorsal vessel which 
collects the blood and discharges it to the head. 	The 
other part of the dorsal vessel is the aorta, a closed tube. 
The morphology of the heart varies according to the species. 
The haemolymph is aspirated through the ostia, the 
segmentally arranged holes, by dilations of the heart. 
Waves of contractions pass forward carrying the blood to the 
head. 	There is a relative increase in pressure at the 
anterior end of the insect, so that as haemolymph passes 
forward in the heart, haemolymph is also moving backwards 
towards the abdomen. 	Special arrangements exist for 
Irrigating the appendages. 	The blood is usually suppJed 
to them by independent pumps. 
Oxygen is conveyed to the tissues through a complex 
system of semi-rigid tubes, the tracheal system, comparable 
In its ramifications to the vascular system of vertebrates. 
Air is admitted through a number of spiracles in terrestial 
insects or as in some aquatic species through gill-like 
structures and is distributed directly to all parts of the 
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body. 
In vertebrates, the oxygen uptake is generally 
independent of the oxygen tension of the environment. 
Except in a few cases, this also applies to the 
invertebrates and the insects are no exception, showing an 
oxygen consumption quite unrelated to the outside oxygen 
tension. 	Insects can compensate for low oxygen tensions by 
increasing ventilation as do vertebrates. 	Thus insects are 
capable of living in more or loss anaerobic conditions. 	It 
may be recalled that Harvey and Williams (1958) showed that 
diapausing heart tissue of CecroIa could survLve 
anaerobically and display normal heart beat at oxygen partial 
pressures lower than 0.5 atmospheres. 	This is particularly 
interesting because it is known that cells that can be 
successfully sub-cultured serially, switch readily to 
glycolysis in vitro. 	In this light the capability of 
insect tissues to survive in anaerobic conditions is 
therefore significant, because it suggests that they should 
be suitable for in vitro growth. 
Although the oxygen tension of haemolymph is very 
low, it is possible that oxygen may be transported over the 
short distances between the tracheole endings and the 
tissues. 	However, evidence in the form of the low oxygen 
content of the blood and the relative diffusion rates of 
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gases in the gaseous state and in solution, strongly 
suggests that the haemolymph plays little or no part in the 
respiration (Buck 1953). 	Oxygen is less soluble than carbon 
dioxide in blood. 	The concentration of carbon dioxide in 
the blood is therefore much higher, and when the free 
crbon dioxide in the tracheal system reaches a critical 
level, it is expelled in bursts through 	spiracles 
(Punt, 1948, 1950; Schneiderman, 1953; Schneiderman and 
Williams, 1953). 
It is customary in tissue culture work to employ 
plasma as a component in preparing media. The same 
tendency has been shown in composing media for maintaining 
insect tissues. 	Yet it is a remarkable fact, that insect 
haemoiymph after extraction from the insect, is most toxic 
to insect tissues in vitro, 	The reason for this is to be 
found in the ready production of toxic phenolic substances 
by haemolymph. 	This is expressed by the darkening of 
haemolyrnph when spilt from a wound. Around a healed 
wound a crust of melanin is also usually formed giving 
proof of the activity of a polyphenol-polyphenoloxidase 
system present in the hasmolymph. 	In situ, the haemolymph 
does not produce a melanin product. It has been suggested 
by Dennel (1949) that the reason for this is the low 
oxidation-reduction potential owing to dehydrog.nas. activity 
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which prevents tyrosine and quinols being changed to the 
quinone state by the phenolase enzyme. 	The latter 
presumably is therefore virtually inactivated as far 
as the production of melanin-type products are concerned. 
However, when haemolymph is spilt the overall enzymatic 
balance is presumably upset and the polyphenol-polyphenol-
oxidase system is no longer inhibited as before. 	This, 
coupled with the availability of a high tension of oxygen 
results in the polyphenoloxidaso actively catalysing the 
process responsible for the production of melanin or 
quinone products which are highly toxic to insect tissues. 
The role of this system in the hardening of insect 
cuticle is well known (Wigglesworth, 1939; Richards, 1953; 
Mason, 1955). 	It entails essentially the formation of 
quinol and quinono products which react with the protein 
component of the cuticle, the tanned or hardened acleroprotein 
being a quinone-protein conjugate. 	This is seen as protein 
molecules linked by primary and secondary aromatic bonds. 
The direction of development and the growth of cells 
in insects is hormonally controlled. 	Metamorphosis is the 
expression of the change from the immature to the mature 
state of the insect and this apparently is brought about by 
changes in the balance between two hormones. 	One is 
the prothoracic gland hormone responsible for the control of 
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moulting and growth, the other is the corpus allatum or 
juvenile hormone which controls metamorphosis. 	The 
latter is achieved simply by the level of concentration of 
the juvenile hormone in the haemolyrnph. When virtually 
absent, as it is prior to the last moult, then the 
prothoracic gland hormone, now completely dominant, 
initiates growth in the cells, which no longer influenced 
by the juvenile hormone, develop in the adult direction 
(Wigglesworth 1956). 
The secretion of both these hormones is triggered off 
by a brain factor released from special centres of 
neurosecretcry cells (wigglesworth 1936, Williams 1947 . 
The fact that sex cells, in vitro, show progress in 
their development according to the concentration of 
prothoracic hormone present in the haemolymph in the medium 
employed (Schmidt and Williams, 1953), suggested that 
this hormone might be important in the growth of tissues 
in vitro. 	Martignoni (1960) also suggested that insect 
tissues and extracts rich in this particular hormone 
might also favour the growth of insect cells in vitro. 
Embryo extracts would contain this hormone for it has 
been shown that embryonic growth and differentiation is 
under the control of a functional endocrine. system (Jones 
1956 a.b). 
Since the presence of these hormones seems to be 
essential for the growth and development of insects, it 
would seem likely that their presence would be necessary 
for the growth of insect tissues in culture. 	However, 
it has been emphasised by Paul (1959) that maintenance 
and growth of vertebrate cells in culture is not enhanced 
when hormones are incorporated in the culture medium. 
The same probably applies to insects because, when the 
crystalline form of ecdyson prothoracic gland hormone is 
added to cultures of either developing or diapausing silk-
moth ovaries, it had no significant effect on the 
cultures (Grace, 198). 	Recent work on the cultivation 
of the cells of silkmoth pupal ovaries reveals that cell 
division is not dependent on the presence of hormones 
(Jones and Cunningham 1960 9 1961). 	This is very 
feasible because it is known that cells in culture 
become very different from their counterparts within the 
host animal and it is significant that cell strains 
cultured continuously become completely hormone independent. 
Insects are small which makes the problem of culturing 
their tissues difficult. 	Dissections usually have to be 
performed under dissecting microscopes and these can be 
very time consuming and laborious. 	The amount of tissue 
acquired finally is comparatively little, so that the 
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number of cells in a primary culture must inevitably be 
small. 
It is a peculiarity of insect tissues that they are 
resistant to dispersion in the form of separate cells. 
It is true that trypsin or versene can reduce insect 
tissues to separate cells, but unfortunately at the 
concentration at which these products accomplish it, they 
are toxic to the cells (Day and Grace 1959). 
Obtaining large numbers of separate cells with 
which to seed cultures has obvious advantages, and it 
is most encouraging that Martignoni, Zitcer and Wagner 
(1958) claimed success in dispersing insect tissue witi 
the hydrolytic enzyme obtained from Helix. 	From three 
thoracic segments of the cutworm Peridroma maroaritosa, 
160,000 separate cells were produced. 	The advantage of 
using separate cells to start off cultures immediately 
suggests haemocytes as suitable for the purpose. 
Horikawa and Kuroda (1959) claimed that it is possible to 
obtain 500 1000 cells/ml- 1  from 3rd instar larvae of 
Drosoohila melanoaaster. 	However, as yet there is 
insufficient evidence to show that haemocytes proliferate 
in vitro under the conditions to which they have been 
exposed. 	Here again, it is likely that part of the blame 
for this may lie in the fact that it is difficult to 
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dissociate the haernolymph rapidly enough from their own 
plasma before it exerts a toxic effect. 
There is no reason for believing that the cells of 
which insect tissues are composed are in any way atypical 
or peculiar. 	However, it has already been mentioned 
that it is extremely difficult to disperse the tissues 
which suggests that the cells are held together ither 
differently. 	The cells of vertebrate tissues are bound 
together with a proteinaceous extracellular substance 
which readily disintegrates when exposed to the action 
of trypsin and versene. 	This does not seem to happen 
when these substances are used oi insect tissues. 
In vertebrate tissue culture, differentiated tissues 
are commonly used to seed cultures. 	Cells in which 
growth had come to a halt, seem to take on a new lease of 
mitotic existence when they are placed in a new environment 
in the form of a culture medium. 	So far, evidence points 
to the cells of differentiated tissue of insects being 
capable7of displaying mitosis in vitro. 	Indeed, only the 
undifferentiated ovarian tissue of the silkmoth has, 
up till now, been grown successfully in vitro. (Jon's and 
Cunningham, 1960 9 1961). 	It is possible that cell 
differentiation in insects is more highly stabilized 
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particularly in the adult. 	For in the adult the prothoracic 
gland is not present and this suggests that the 
differentiation and growth of the cell has been completed. 
Waymouth (1957) has pointed out that it is as 
important to choose the right kind of tissue as a source 
of explants as it is to incorporate the supposedly right 
type and proportion of ingredients in the medium to be 
employed. 	The tissue obtained must possess a metabolic 
pattern that can utilize the growth promoting substances 
offered in the medium. 	It is suggested that cells of 
differentiated adult tissues of an insect may be 
incapable of reverting to the proliferating state. 	This 
Is supported by the fact that only the cells of 
undifferentiated cellular tissue of insects have been 
thrown into a growth phase in vitro. 	One may tentatively 
be drawn into concluding that undifferentiated pupal and 
larval tissues probably provide the best source of 
explant material, and that embryonic tissues are 
precluded on the grounds that the amount of tissue 
procurable is too often insufficient for seeding cultures. 
It is likely therefore, that one can safely Ignore 
some of the peculiarities of insect tissues In being 
supplied directly with oxygen by a tubular conduit system 
or bathed directly in "blood" containing both nutrients 
and waste metabolites. 	To what extant the insect cell 
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membrane acts as a barrier is at present vague (Buck 1953). 
But it seems certain that insect cells are particularly 
independent of changes in the haemolymph. 	This is 
reflected to some extent in the remarkable survival of 
tissues in insects subjected to extreme surgery and Iess of 
blood, a feature which has made insects ideal media for 
experimental work. 	Notwithstanding such resistance, it is 
equally puzzling insect tissues show little aptitude for 
growth in a medium. 
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PROPERTIES AND COMPOSITION OF HAEMOLYMPH 
Recent work on the chemical properties of haemolymph 
has shown they differ profoundly from those of vertebrate 
blood (Martignoni, 1960). 	H. has also stressed that the 
success obtained in the cultivation of vertebrate tissues 
owes much to the considerable knowledge of the chemistry 
of vertebrate blood. 	Unfortunately, what knowledge we do 
possess on the chemistry of insect haemolymph is based on 
studies of a limited number of insects, representing only a 
few groups. 	None t.e less, the excellent review of 
Buck (1953) revealed the considerable progress that had 
been mdde. 
Buck (1953) compared the properties of the haemolymph 
of different species and of different stages of the same 
species. 	No emphasis was laid on these properties relative 
to the design of media in tissie culture work. 	Only 	- 
L.evenbook (1950) had analysed the haernolymph of an insect, 
the larva of the Horse-bot fly, Gastroohilus intestthalis, 
with the aims of using the results as a basis upon which to 
formulate the composition of a medium for maintaining the 
tissues of the same insect in vitro. 
Buck (1953) stated that the hydrogen ion concentration 
in insect haemolymph varies within different species between 
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pH 6 and pH 7.5. 	Within the same species it varies up to 
0.7 pH units, while in man the variation is between pH 7.35 
and pH 7.45. 	Buffering is maintained by many factors 
(Wyatt 1961). 	As well as bicarbonate, inorganic phosphates, 
organic phosphates, histidine, compounds on the acid side 
e.ge carboxyl groups of amino acids, and other organic acids 
are important. 	Proteins may also act as a buffer over a 
wide range. 
The osmotic pressure of haemolymph, expressed as gms. 
NaCjJlOO ml. varies Letween different insects within a rang. 
of 0.60 and 2.01. 	The osmotic pressure of insect haemolymph 
is accounted for by the high proportion of amino acids. 
In man about 9c% of th' r.,.notiC pressure of plasma is due to 
inorganic ions and only 1% to amino acids (Martignoni 1960). 
Buck (1953) has shown that the Na/K ratio in insect 
haemolymph is not appreciably different from that in the 
blood of other animals. 	There is also a continuity in the 
mole NI/K from 0.1 to 25 between insects and other animals. 
The phytophagous insects have ratios of loss than 1, the 
carnivores have ratios greater than 1, and the omnivorous 
species have ratios which fall between the two. 	The bed- 
bug s Cimex lectularius has a Na/K of 29 which is close to 
that of man. 	The intracellular Na/K ratio is the same as 
for man in the few species investigated so far. 	Hoyle (1956) 
24. 
reported that during moulting in Locusta nymphs, there is a 
temporary rise in K and fall in Na in the blood, a change 
believed to be responsible for their quiescence during the 
process. 	Duchateau, Florkin and Leclerq (1953) presented 
determinations of Na, K, Ca and Mg in the haemolymph of 
63 species of insects. 	Evidence indicates that the 
Na/K ratio is independent of the diet of insects and 
appears to be genetically fixed (Martignoni 1960; Wyatt 
1961). 
A characteristic fture of insect plasma is the 
very high content of amino acids. 	Whereas various 
vertebrates have about 50 mgms. of free amino acids per 
100 ml. of plasma, the concentrations in the number of 
insect species investigated by Duchateau and Florkin 
(1958) range from 293 2430 mgm./100 ml. Again the 
amino acid content of insects varies interspecifically as 
well as intraspecifically. 	Amino acids contribute 4 of 
the total blood osmotic pressure in insects, while in man 
92% of the osmotic pressure is due to inorganic ions and 1% 
to the amino acids. 	Qualtativo data on amino acids in 
haemolymph is less useful than quantatative data for 
designing media, but the latter have been provided for 
relatively few insects. 	Wyatt, Loughheed and Wyatt (1956) 
identified 19 amino acids in Bombvx larvae, the estimated 
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total being 823 - 1497 mg./100 ml. Approximately 20 amino 
acids are known to exist in haemolymph proteins of insects, 
though the proportions vary widely and some are not 
detectable in certain species or stages (wyatt 1961). 	A 
common factor in silkworm haemolymph is the high preponderance 
of glutamine, histidine and lysine during the five larval 
instars, but otherwise great variations were found. 
Cystine, which is present in considerable amounts in human 
plasma was not detected by Wyatt, Loughheed and Wyatt (1956). 
There are also striking differences between insect 
and vertebrate plasma in the sugar content. 	Wyatt and 
Kaif (1957) discovered that the principal sugar was the non-
reducing disaccharide, o-traha1ose which makes up 9 of the 
blood sugar in several species of.ijepidoptera. 	Glucose 
which is the main reducing substance in human plasma is 
virtually present in negligible amounts in insects. 	However, 
glucose is the principal energy source of vertebrate culture 
media, and experience shows that it is utilised by many 
insect tissues (Day and Grace 1959). 	When trahalose 
replaced glucose in culture media, silkworm tissues did not 
show Improvement (Grace 1958). 	It is significant to note 
that Trager (1935), long before the discovery of trehalose 
in haemolymph, found maltose a very effective source of 
energy for cultured silkworm tissues. 	Wyatt (1956) reported 
a mixture of glucose, fructose and sucrose in the ratio 
of 4 ; 2 : 1 was optimal. Ball (1954) used fructose as 
the chief sugar for the culture of mosquito tissues. 
The level of lipid is extremely high in insects, 
and sterols appear to play an important part in the 
general metabolism of the insect. 	Cholesterol is present 
in considerable quantity but Grace (1958) discovered 
that it was not beneficial to insect cells in culture. 
Buck (1953) stated that free glycerol is found at 
unexpectedly high levels in insects, for example, 3% in 
the haemolymph of diapausing Hv*loohora cecrooia. 
(Wyatt and Kalf, 1958; V(yatt and Meye, 1959). 	Some 
glycogen has been reported in the haemolymph of insects 
(Buck, 1953; Wyatt and KaIf 1957). 
It will be aoparent from this consideration of the 
composition of hdemolymph that there are considerable 
variations according to the species. 	However, in 
designing a medium for cultivating insect tissues, it is 
clear thut one cannot ignore the Na/K ratio, the high 
organic phosphate content and the high total concentration 
of free amino acids found naturally in the haernolymph. 
In the section that follows it will be seen that the lack 
of this information is largely responsible for the hit 
and miss methods of much of the previous work. 
26. 
MEDIA PREVIOUSLY USED IN INSECT TISSUE CULTURE WORK 
The survival of cells in vitro without loss in weight 
and obvious deterioration in appearance is not difficult 
to achieve. 	That is why cells will tolerate exposure to 
simple salt solutions provided they are isotonic. 	This is 
illustrated by the survival of the spermatocysts of a 
grasshopper in diluted sea water enriched with extracts 
of insect tissues (Lewis and Robertson, 1916). 	It 
would have been interesting to learn how essential was the 
presence of the insect tissue extract. 	They would be just 
as likely to encumber rather than enhance the efficiency 
of the sea water in maintaining the tissue. 
The composition of media in tissue culture work is 
based on a balanced salt solution. 	This performs the 
important function of maintaining the pH, the osmotic 
pressure and providing essential inorganic ions. 
Martignoni (1960) has pointed out that the internal 
properties of insect cells are very much the same as those 
of vertebrate cells and on this view it is understandable 
why insect cells kept in salt solutions designed for 
vertebrate tissue survive in a good state. 
In achieving his encouraging results, Trager (1933) 
used a medium based on a balanced salt solution containing a 
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relatively high concentration of NaCl. 	To this was added 
the reducing disaccharide maltose, which he discovered was 
more effective than sucrose or glucose. 	Egg albumin 
digest and silkworm "serum" provided proteins, amino acids, 
and other growth fdctors. 	The "serum" was prepared by 
centrifuging the blood cells out of the haemolymph. 	This 
treatment does not eliminate the deposition of toxic 
polyphenols, and it is likely that the presence of these 
toxic substances in haemolymph was largely responsible 
for the limited success he obtained in culturing ovarian 
tissues. 	It was shown by Bodine, Tahmisian and Hill (1944) 
that heating haemolymph at 65° C. destroyed the activity of 
the polyphenol oxiddse. 	Wyatt (1956) likewise destroyed 
the activity of tyrosinase by heating at 600 C. for 5 
minutes and the coagulated enzyme-protein was removed. 
This method of eliminating the phenolase complex is 
preferable to the use of enzyme inhibitors. 	Phenyithiourea 
was suspected of having a deleterious effect on the cells 
In culture, and glutathione, although non-toxic to the 
cells was too temporary in its inhibitory effect on the 
system (Wyatt 1956). 
Many of the balanced salt solutions were based on 
vertebrate physiological solutions. 	For example, Lewis 
and Robertson (1916) and Glazer (1917) used Locke's solution 
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originally designed for maintaining frog tissues. 	As 
knowledge of the chemistry of haemolymph increased (Buck 
1953) 0 it has been clear that physiological salt solutions 
for maintaining insect tissues need to be based on what 
was known of the composition of insect fluids. 	dyatt, 
Loughheed and Wyatt (1956) analysed haemolymph obtained 
from silkworm larvae, and estimated the amounts of amino 
acids, sugars and carbohydrates present. 	It was also 
shown that changes occurred in the composition of haemolymph 
during development. 	Wyatt (1956) appreciated the problem 
of designing a culture medium more empirically than had been 
done hitherto, and based its composition on the findings 
of Bialaszewicz and Landau (1938); Tobias (1948); 
Wyatt, Loughhe.d and Wyatt (1956) and Wyatt and Kaif (1957). 
Wyatt's physiological solution contained a high content of 
phosphate anions. 	The amount of calcium was reduced, and 
the organic acids, malic, o-ketoglutaric, succinic, and 
fumaric were included because they were believed to benefit 
the cultures. 	The cultures obtained using such a solution 
were superior to those of Trager (1935). 	It is known that 
insects require certain of the "B" vitamins necessary for 
vertebrates. 	All are necessary for the aseptic culture 
of Drosophila larvae (Sang 1956) and most are included in 
T.C. 199 (Morgan, Morton, Parker, 1950). 	Grace (1958) 
examined the effect of these as well as nicotinic acid, 
p-aminobenzoic acid and meso-inositol when added to Wyatt's 
medium. 	He reported an improvement in the appearance of 
the cells. 	Sterols are also essential dietary constituents 
of insects but cholesterol had no beneficial effect on the 
cultures (Grace 1958). 
Various extracts from both vertebrate and insect 
tissues have been used in attempts to grow insect tissues 
in vitro. 	Lewis (1916) found that follicle cells and 
isolated germ cells of grasshopper testes remained healthy 
in a medium of diluted sea water containing 2 grasshopper 
bouillon. 	Wyatt (1956) and Grace (1954 9 1958) used embryo 
extracts of the silkworm in their media and reported that 
some improvement occurred in the cultures particularly if 
the extract was pre-treated in boiling water for 2 minutes 
to remove some of the proteins. 	The frequency of mitosis 
of grasshopper neuroblasts was apparently enhanced when the 
quantity of yolk was increased to an amount equivalent to 
one quarter of that occurring in the egg (Gaulden and 
Kokomoor 1955). 	On the other hand, Wyatt (1956) demonstrated 
that a concentration of more than 0.2% of chick embryo 
extract was detrimental to ovarian cells. 	Trager (1938) 
kept leg, brain and head tissue, and ovaries of Aedes 
aeavoti for 2 weeks in a medium containing salts, 
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heparinized plasma, egg albumin digest and phosphate buffer. 
However, the presence of vertebrate extracts alone or 
together with insect tissue extracts has not proved 
successful in encouraging the growth of insect tissues 
in vitro. 	There is some evidence that the growth of 
insect tissues cultured in vitro is inhibited by the 
presence of certain proteins (Day and Grace 1959). 
Since the protein was retained in most of the extracts used 
in previous experiments, it is possible that this could 
have accounted for the poor results obtained (Day and 
Grace 1959). 
The problem of alighting upon a medium containing a 
balance of ingredients capable of inducing insect cells to 
proliferate has been unexpectedly difficult. 	Insect 
physiologists have taken the view, acceptable among 
tissue culturists in general, that the composition of a 
medium suitable for the growth of insect cells should 
imitate that of haemolyrnph. 	A considerable amount of 
attention has been paid to the incorporation of the 
insect hormones as if they might turn out to be the growth 
promoting factors vital to the proliferation of insect 
cells in vitro. 	Indeed, the quest for special growth 
promoting factors as if they possessed the secret of 
triggering off cell growth, was probably responsible for 
testing the effects of various ingredients known to favour 
the growth of vertebrate tissues, on insect tissues in vitro. 
Attempts to cultivate insect tissues in synthetic media, 
containing, for example, all known amino acids, and 
vitamins usually included in such media, have not so far 
been fruitful. 	Horikawa and Kuroda (1955) claimed that 
with such a medium they induced haernocytes of Jrosoohila to 
multiply in roller tubes. 	Until some details are known 
of their methods for estimating this, their claim can 
only in the meantime, be placed on a par with so many 
similar ones made In the past. 
Acceptable evidence was still not available for insect 
cells having proliferated in vitro on the lines associated 
with that which takes place in primary cultures of 
vertebrate tissues. 	Furthermore a medium that could 
induce the growth of insect cells in vitro had not been 
discovered. 	•hen the work described in this thesis was 
started nearly three years ago, the problem of finding a 
suitable medium seemed particularly difficult. 	However, 
part of the work presented in this thesis has been 
concerned with a successful method of producing primary 
insect cell cultures (Jones and Cunningham 1960, 1961). 
The medium employed and the results obtained in the 
successful cultures are described under the section headed 
Experimental. 
32. 
MATERIAL AND METHODS 
Probably the very first form of tissue culture 
involved the use of the hanging-drop method. 	It is 
reasonably simple, and has many advantages in being 
particularly useful, for example, in exploratory studies 
because it is favourable for microscopical examination of 
cultures which can be fixed and stained in situ. 
The method mainly employed in the present studies 
Involved placing sterile standard square coverslips in a 
Petri dish. 	The explants were placed in a drop 
(approx. 0.00 ml.) of culture medium spread on the 
coverslip, and left for about 10 minutes to settle against 
the surface. 	The coverslip was Inverted over a chamber 
to which It was sealed with a mixture of paraffin wax 
and vaseline. 	The actual chamber was formed by sticking 
four thin glass strips to a slide with Araldite. It 
was very shallow so that the cultures could be viewed 
under the phase contrast microscope. 
It was difficult to make the explants of some tissues 
adhere to the coversllp and the sitting-drop technique had 
to be adopted. 	The culture-chamber used was identical 
with that used for the hanging-drop technique, except the 
explants were, in the sitting-drop method, resting against 
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the floor of the chamber. 
For time-lapse photographic studies, the culture 
chambers were made with thinner strips of glass so that 
a continuity existed between the drop of culture medium 
and the upper and lower surfaces of the chamber. 	A ring 
of vaseline on one surface was sufficient to prevent 
movement of the drop. Another way of preventing movement 
of the drop was to surround it with liquid paraffin. 
However, the cultures were apt to deteriorate more rapidly 
under these conditions. 
The roller-tube method was also used. 	This involved 
the placing of explants in small serological tubes. 	One 
had to make certain that the pieces of tissue adhered to the 
sides of the tube. 	When, after a few minutes, they are 
stuck firmly, approximately 0.5 ml. culture medium was 
added to each tube. 	The tubes were stoppered with silicone 
rubber bungs and placed suitably on a wheel set to revolve 
at 1 rev/15 minutes. 	This arrangement was placed in an 
incubator at 250  C. 
Carrel flasks were also used. 	The use of these has 
certain advantages over the hanging-drop method. 	A good 
Carrel flask has excellent optical properties so that the 
behaviour of the cells may be observed readily with a 
microscope. 	Tissues can also be maintained for a longer 
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period of time In them, and they can accept large numbers 
of explants. 	If necessary, the gaseous phase in these 
flasks can be controlled. 	They are more useful, however, 
for the culturing of cell strains which can be readily 
subcultured. 	Disadvantages are that the cells can not 
be fixed or stained in situ. 
All glassware was cleaned in liquid Lux soap and 
water, rinsed thoroughly in tap-water and finally in 
distilled water. 	It was sterilised, either in a dry heat 
oven at 1600  C. for 2 hours or by steam sterilising in an 
autoclave at lSlbs/sq. in. for 20 minutes. 	All solutions 
were sterilised in an Autoclave, or by Seitz or Millipore 
filtration. 
The techniques were performed in a U.V. chamber; the 
dissecting instruments were dry heat sterilised, and when 
necessary their working parts were dipped in 95% ethanol 
and flamed before use. 
Experiments were performed on tissues derived from 
several insects and from different stages of the same 
insect. 	The insect donors were as follows. 	The 
different stages of the locust Schistocerca arecaria. 
To add to the stock in the laboratory, eggs were generously 
supplied by the Anti-Locust Research Centre, London. 
The pupal stages of the tse-tse fly Glossina mortisana, 
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the fruit-fly Drosoohila rnelanoçia&ter, and the silkmoths 
Philosamia advena and cynthia. 	Glossifta was kindly 
provided by Dr. David Saunders, Drosoohila by Dr. James 
H. Sang, and the silkmoth pupae were purchased from 
Newman's Butterfly Farm and Worldwide Butterflies Ltd. 
Needless to say various tissues of these insect 
donors were experimented on to find out their suitability 
as explants in culture. 
Further details of the methods and composition of 
the various media employed in the present work are given in 
the next section. 
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ggs of the locust Schistocarca were isolated from the 
ihesive substance of the pods by washing in tar 
ggs in the stage of development required were 
1ected and immersed in 50% bleach solution to remove the 
horion. 	The eggs were then rinsed in tap water to get 
Id of the bleach and then surface sterilised for 20 
its in 70% ethanol before finally being washed in 
'1e distilled water. 	The embryos were dissected out 
of the gs in a Petri dish containing a sterile physiological 
This was prepared by dissolving 7.5 g. NaCl, 
.2 g. KC1, 0.2 g. CaC1 2 , 2 g. glucose and 0.02 g. phenol 
in 900 mIs. of distilled water, and autoclaving this 
tIon at lSlbs/sq. in for 15 mins, before adding it to 
.2 g. NaHCO3 in 100 mis. distilled water sterilised 
tn.ijh a Seitz filter. 	Streptomycin and Penicillin were 
added to the final solution at 100 International Units 
per ml. 	The pH of this solution is around 7.5. 
The embryos were dissected out of the egg shells with 
watchmakers' forceps. 	The posterior end of the egg was 
pierced with the tips of the forceps, releasing a small 
amount of yolk, or in some cases, splitting open the egg 
and releasing the embryo intact. 	When only yolk was 
extruded from the egg, the posterior tip was cut off. 
The embryos were then gently pressed out of the egg. 	The 
yolk was also removed from the gut. 	The yolk-free embryos 
were washed in a welled-slide containing physiological 
solution and were cut into small pieces with tungsten 
needles to serve as explants. 	Very young embryos, that is 
to say, the stage before blastokynesis, produced 2 or 3 
explants each 1 mm. 2 size. 	Older embryos which had 
grown to half the length of the eggs, provided 4 - 6 
explants. 
Before placing the explants in the culture medium, 
they were rinsed thoroughly in physiological solution to 
get rid of attached yolk. 	Hanging-drop, or sitting-drop 
preparations were mainly employed. 	They were kept in 
Petri dishes containing moist filter paper and 
incubated at 250  C. 	Tissues were also cultivated in 
roller tubes. 
Culture media. 
Various kinds of media were employed. 	One of these 
consisted of embryo extract, balanced salt solution and 
plasma or serum. 	The locust embryo extract was obtained 
from embryos that had only reached about 2/3 the length 
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of the egg. 	This stage was chosen because it does not 
contain a phenolase complex that becomes active. 
After sterilizing the eggs, the embryos were 
prepared suitably and transferred to a homoginiser and 
ground up. 	The resulting extract was transferred to a 
centrifuge tube and spun at 10,000 g. for 20 rnins. at 50  C. 
At this high speed, micro-organisms known to be present in 
the insect cells, can be separated off. 	The clear layer 
and the top lipid layer were recentrifuged under the 
same conditions, and stored in refrigerator. 
This extract was used in conjunction with chick 













Basic Components 	% Total 	Volume 
Locust embryo extract 	75 	50 
Chick plasma or chick 
serum 	10 	10 
Physiological solution 15 40 
T.C. 199, a synthetic vertebrate culture medium 
was also tried containing the embryo extract. 
Dr. J.H. Sang kindly provided a medium he had tested 
on DrosqpAila ovaries. 	It contained inorganic salts, 
sugars, lipids, Vitamins B and C, 19 amino acids, and 
nucleic acids precursors. 	This was tried with and without 
the addition of locust embryo extract. 
Grace's medium (Paul 199) and the medium used by 
Jones and Cunningham to cultivate silkmoth tissues (1960) 9  
with the addition of locust nymph haemolymph were also 
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Figure ]. 
The edge of an explant of locust 
embryonic tissue showing cells oreseit 
in the surrounding medium, 5 days 
vitro. 
	in 
CPhoto: x 120 approx.) 
RESULTS 
In sitting-drop cultures containing locust embryo 
extract, plasma obtained from a 6 week old chicken and 
physiological solution in the ratios described in the 
table, no migration of cells occurred. The cells at the 
edges of the explants degenerated after 4 days. 	However, 
when the fragments of tissue were placed in chick serum, 
which had been slightly heated to make it more viscous 
to prevent the explants floating to the surface of the 
drop cell migration took place. 	The cells remained viable 
with clear cytoplasm for 7 8 days. 
Hanging-drop preparations produced better results. 
Using Sang's medium, a few fibroblast-like cells 
spread from the perlLr of the explants, but they did not 
migrate into the surrounding medium. 	Other cells became 
free and floated away from the explants when the cultures 
were disturbed in order to observe them. (fig. 1). 	No 
mitosis was observed but the cells survived in a healthy 
state for 7 - 8 days. 	The addition of 10% locust embryo 
extract to Sang's medium only resulted in the free cells 
and the explants degenerating more rapidly. 	This may have 
been due to a change in the Osmotic Pressure created by 
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adding the concentrated embryo extract. 	The cells increased 
in size about one and a half times. 
Grace's medium containing ic locust nymph haemolymph 
pretreated to destroy the phenolase complex, did not turn 
out to be much more suitable, although the cells at the 
edge of the explants remained in a healthy state longer 
than they had done in the other media tested. 	They 
retained their fibroblast-like appearance, with dense 
granular cytoplasm for 9 days after the medium had been 
changed on the 5th day. 
The vertebrate tissue culture medium T.C. 1)9 did not 
induce cell migration from the exolants despite the pH 
being adjusted to 6.8 to correspond to that of locust blood. 
The addition of locust nymph haemolymph made no difference. 
When explants of locust embryos were placed in Roller 
tube cultures, many cells settled on the glass surface 
remote from the explants. 	The thickness of the glass of 
the serological tube interfered with a close examination 
of the cells. 	But as far as one could see they were 
spindle-like in shape. 	In Grace's medium, they retained 
this shape for 14 days, after which they degenerated, 
becoming detached from the glass to float freely in the 
medium. 	In Sang's medium, the cells deteriorated after 
10 days. In these preparations the medium was changed 
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Figure 2 
Locust embryo cells as they appeared 
in culture extruding pseudopods and fibre-
like extensiors, 2 days in vitro. Phase 







Of locust embryonic tissue "blebbing" and 
if it is dividing, 2 days j vitro. 	Phase 
(Photo: .x 1240 approx.) 
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every 5th day. 
' 	There cells were observed under the phase contrast 
microscope. 	There appeared to be little change in th 
explants during the first day. 	The cells at the per 4 pLr 
remained healthy, however, after 2 days these cells 
began to blob, extrude pseudopods and fibre-like 
extensions (fig. 2). 	Some migrated into the surrounding 
medium, but few firmly attached themselves to the 
coversltp. 	Most of them floated at the surface of the 
drop. 
Frequently, cells behaved as if they were going to 
divide. 	They blebbed and constantly changed shape to 
simulate normally dividing fibroblasts (figs. 3 and 4). 
Occasionally the cells actually divided but the two 
halves only remained viable for a short time. 	This 
dividing into two, however, was due to the cells being 
subjected to conditions which were unfavourable. 	Cells 
often adhered in pairs and it was easy to confuse this 
appearance with late telophase stages (fig. 5). 
The possibility of bacterial contamination in the 
cultures could not be ruled out. 	In 1 day old cultures, 
Brownian movement of relatively large particles was 








Deteriorated cells and intracellular 
articles present in the surrounirg 
medium, 3 day5 in vitro, 	hL1e. cDtrast. 
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bodies in the cells of the locust embryo in culture 
was their refractile nature. 	The bodies appeared from in 
the cells at the edge of the explants. 	Later, in the 
same cultures, these particles were present in the 
surrounding medium which became heavily contaminated after 
2 days (fig. 6). 	The cells rounded up, began to 
accumulate fat-droplets and became detached from the 
explants. 	Sterility tests with various types of 
nutrient agars revealed no sign of bacterial growth, and 
Gram's stain on the cultures did not produce evidence of the 
presence of bacteria. 	Although, further investigations into 
the nature of the bodies were not carried out, it was 
assumed that they were symbiotes which are found in locust 
cells. 	Their presence in the medium may render it 
unsuitable for cell metabolism and growth. 
An attempt to eliminate these micro-organisms was 
made by introducing abnormally high concentrations of 
Penicillin and Streptomycin. 	After adding 200 lu/mi. 
Penicillin and 20 lu/mi.. Streptomycin, there was a 
marked effect on the cells. 	They became turgid and 
disintegrated after 24 hours. 	It was clearly apparent 
that locust embryo cells were not suitable for culturing 
by the methods described so far. 
MAINTENANCE OF LOCUST OVARIAN TISSUE 
The ovaries of the early final instar nymph of 
,. areaaria are paired structures overlying the alimentary 
canal. 	At this stage of development they are between 
10 and 15 mms. in length. 	They consist of a variable 
number of egg tubes or ovarioles and are of the 
panoistic type in which the nutrient cells are lacking and 
the yolk of the egg is formed by the epithelium of the 
egg follicles (Wigglesworth 1950). 
The apices of the ovario].es are produced in the 
mid-line of the body into fine thread-like filaments 
and the ovaries are so placed that the filaments of the 
ovaries are opposed and closely adherant, thus uniting the 
two ovaries to form a conically shaped body. 	The ovarioles 
widen and contain developing eggs, which at the stage 
used in culture, are small and white. 	The ovarioles open 
laterally into oviducts which connect to form the vagina. 
The nymphs were anaethetised with CO2 , surface sterilised 
by wiping with a swab of cotton wool saturated in 95% 
ethanol. 	Incisions were made laterally along the abdomen 
and the dorsal body wall was removed. 	The ovaries wore 
transferred to apetri dish containing sterile physiological 
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Parts of th ovarioles of the final 
instar locust nymph 	1tocerca gria 
which served as explants, 2 days in vitro. 
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Piqure S. 
Cells"bubbling" from the edge of 
the ovariole of final istar locust 
nymph, 3 days in culture. 	(Photo: 
x 300 approx.) 
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were separated and cut Into pieces (fig. 7). 	Hanging-drop 
preparations containing ovary explants were prepared using 
J-C medium + l locust nymph haemolymph. 
No migration of cells from the explant was observed. 
A few isolated cells appeared In the surrounding medium 
after 5 days, but the limited number suggested that they 
may have been haemocytes attached to the outer walls of 
the ovarioles. 	When the epithelium surrounding the 
egg chambers was severed to release the cells, no further 
migration took place, although the epithelial cells 
appeared to "bubble" from the explant (fig. 8). 
DISPERSION OF LOCUST EMBRYONIC TISSUES 
The problem of dispersing insect tissues has, so far, 
not been solved satisfactorily. 	Different concentrations 
of trypsin (B.D.H. and Difco 1 : 250) were tried out and 
it was decided that the most effective concentration was 
1%, the Difco brand being superior to the B.D.H. one under 
the conditions of the test. 
Very young embryos were cut into small pieces and 
washed in a balanced salt solution consisting of 7.5 g. 
NaC1, 0.20 g. KCI, 0.005 g. NaH2PO4H2O, 1.0 g. NaHCO3 and 
1.0 g. glucose in 1 litre of water sterilised by 
filtration. 	They were transferred to a welled slide 
containing 1% Trypsin dissolved in this solution, and left 
for 10-12 minutes at 25 ° C. 	By means of 1% KOH the pH 
was raised to 8.4 	8.6 and the cells became disaggregated 
after 15 minutes. 	A little pipetting was necessary to 
complete the process as a number of the cells were caught 
up in a mucilaginous substance produced when the pH was 
Increased. 	The cells were washed in the Ca 	Mg+.. 
free medium by centrifugation at 1000 r.p.m. for 5 mine, 
resuspended and washed in culture medium. 	Finally they were 
spread out in a thin film on a coverslip and made up in a 
hanging-drop culture, or placed in a small carrel flask 
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which is reputed to be the most successful method of 
culturing cell suspensions. 
The same procedure was followed with Versene, E.O.T.A., 
at a concentration of 200 mg./litre dissolved in the 
aforementioned buffered solution free of Ca ++ and Mg 
ions, sterilised by filtration. 	The cells took longer to 
be dispersed in Versene. 	Even increasing the concentration 
did not accelerate the process. 	The disaggregated cells 
took longer to become adapted to the culture medium, and 
never seemed to regain their viable appearance. 
Another means of disaggregating insect cells was by 
using the hydrolytic enzyme contained in the gut and 
hepatopancreas of the snail, Helix asoersa (Martignoni It. 
j, 1958). 	This method was tried out, the enzyme being 
prepared as follows:- 
The snails, Helix oamatia, were starved for 4 7 days 
to empty their digestive tracts of solid materials, and 
drowned in de-oxygenated water overnight to facilitate the 
dissection. 	The crop and hapatopancreas were removed and 
the wet weight estimated, and an equal volume of distilled 
water was added. 	This was ground in a tissue grinder cooled 
to 40  C. 	The resultant homogenate was centrifuged at 
24 9 000 g. for 15 mins. at 5° C. and the supernatant stored 
at _200  C. 	Prior to use, the extract was thawed, 
"I 
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Locust embryo cells aster treatment 
with hydrolytic enz:rne from the gut and 
riepatopancreas of the snail Helix pornati.a. 
hase contrast. 	(Photo; x 1200 approx. 
49. 
recentrifuged and diluted with 2 volumes of saline. 	The 
saline consisted of dissolving 7.5 g. NaCl, 0.2 g. KC1, 
1.15 g. NaHPO4 , 0.2 g. KH2PO4 in 800 mis. distilled water, 
and 0.2 g. CaC129  0.1 MgCl2  6H20, in 200 mis. distilled 
water. 	The two solutions were autoclaved separately and 
combined on cooling. 	Penicillin and Streptomycin were 
incorporated at concentrations of 100 i.g/ml. 	The enzyme 
was sterilised by Seitz filtration. 
Dispersal of the cells was performed at room 
temperature in a 50 ml. beaker containina about 30 locust 
embryos and 5 ml. hepatopancreas-crop extract. 	The 
contents were stirred gently with a magnetic stirrer and 
liberation of the cells was completed after 15 minutes. 
The fluid was pipetted off into a centrifuge tube and 
allowed to stand for 5 minutes to permit tissue fragments to 
settle. 	The cell suspension was decanted into a second 
tube and centrifuged at 1700 r.p.m. for 1 minute. 	The 
cells were washed in culture medium and aliquots counted 
in a haemocytometer. 	An estimate of the concentration of 
cells per ml. was mdde and the appropriate amount of medium 
to give an inocu].um size of 100,000 cells/mi. was added. 
Hanging-drops were prepared to observe the cells 
microscopically after treatment (fig. 9). 
A method of obtaining cell suspensions of spleen cells 
50. 
was devised by Billingham and Brent (1959) and it is now 
a widely practised technique in immunological studies. 
Viable cell counts on spleen cells suspensions prepared in 
this manner, by the trypan blue method, were never below 
8% (Howard 1961). 	The technique used in the present 
studies was adapted to suit the tissue. 	Seven day old 
locust embryos were dissected from egos under the 
conditions described previously. 	They were cut into 
fragments and pressed through a fine-meshed stainless steel 
sieve with a round ended glass pestle. 	The expressed 
pulp was taken up in at least 1 ml. culture medium and the 
course suspension sucked fairly gently in and out of a 
Pasteur pipette to break up larger tissue clumps into their 
component cells. 	Vigorous handling of these cell suspensions 
was carefully avoided; the pipette used had a smooth tip, 
since it is known that sharp or jagged edges might damage 
cells. 	The debris was removed by centrifugation of the 
suspensions at speeds of about 500 g. for 5 mine. 	The 
supernatant fluid, which was rich in cytoplasmic particles 
and other cell debris, was discarded, and the sediment 
resuspended in culture medium. 	This was allowed to stand 
for 3 4 minutes to allow cell, aggregates to settle out; 
the supernatant was made up almost entirely of isolated 
cells suitable for culturing. 	The cell suspension was 
transferred into another centrifuge tube, and lightly 
centrifuged. 	The supernatant was drawn off, more 
culture medium added, and the cells uniformly distributed. 
The cells were counted in a haemocytometer and the cell 
concentration estimated. The volume was made up with 
culture medium so that the cell concentration was around 
100,000 cells/mi. 	The cells and medium were inoculated 















A pair of ovaries from a 10 day old Tsetse-fly pupa, 
2 days in culture. 	(Photo: x 700 approx. 
MAINTENANCE OF OVARIAN TISSUE OF THE TSETSE-FLY 
In the female, Glossina riiortisans, each ovary consists 
of a single ovariole (fig. 10). 	The ovaries are 
asymmetrical owing to the fact that a single egg matures 
alternately on the right and left sides. 	The total 
number of follicles is small and the lowest one contains the 
largest and most developed ovum. 	The right and left 
oviducts unite to form the common oviduct. 	The ovarioles 
consist of egg follicles containing the developing ovum and 
nurse cells surrounded by follicular epithelium. 
method to estimate the age of the tsetse-fly puparia 
has been devised by Bursell (199). 	Twelve - sixteen day 
old pupae were selected after opening the surface-sterilised 
puparia. 	At this stage the pigment of the ayes is yellow 
to reddish-brown. 	With tungsten needles, the abdomen was 
removed, and the ovaries carefully dissected from the fat 
body. 	The spermathecae, which are round white opaque 
bodies, were removed and the ovaries placed in hanging-drop 
cultures. 	Jones-Cunningham medium was used in all the 
experiments. 
Complete ovaries remained intact and viable for 10 
days. 	The ovaries were so small that they were difficult 
to dissect without damaging the cells. 	The ovaries cut 
52. 
into fragments with extremely fine needles did not 
survive longer than 24 hours in vitro. 
53 0  
54. 
PRIMARY CELL CULTURES DERIVED FROM DIAPAIJSE OVARIAN 
TISSUE OF THE SILKMOTH 
Material and Nature of the Ovary 
Diapausing silkmoth pupae, Plillosamia acivena and 
Philosamia cynthia were used as sources of ovarian tissue. 
The pupae were surface sterilised with 96% ethanol, the 
excess being removed with the sterile filter paper. 	An 
incision Was made in the head region by piercing the 
integument with scissors, and the haemolymph was gently 
squeezed out of the wound into a 7 ml. high-speed head 
centrifuge tube immersed in a beaker containing ice. 	Chilling 
the haemolymph prevents the occurrance of toxic polyphenols 
formed by the tyrosinase system. 	The haemolymph was then 
heated at 600  C. for 5 minutes when a precipitate forms. 
It was placed in a deep-freeze overnight, thawed and 
centrifuged at 6000 g. for 10 minutes. 	The supernatant 
was removed and stored in the deep-freeze until required. 
In some cases the haemolymph was replaced by an 
equal volume of sterile physiological solution and the 
would sealed with wax. 	These pupae remained alive and 
the ovaries suitable for culture for an indefinite period 
if they were kept at 250  C. or to a lesser extent at 5 0  c 




A piece of the distal part of the 
ovary of a silkmoth pupa and attached 
ovarmols serv 	as ai exiant. 
55. 
haemolymph or, in the case of wounded pupae, getting rid 
of excess "substituted haemolymph". 	The pupa was anchored 
on a sterile base and the dorsal half of the abdominal, wall 
cut off. 	In the region of the 5th segment 11e the 
globular-shaped caps, or outer sheaths enclosing the coiled- 
up distal parts of the ovarioles. 	The cap was held with 
fine forceps and lifted free from the fat body with the 
ovarioles which were severed from the oviduct. 	The ovaries 
were placed in a1,etri_dish  containing sterile physiological 
solution, and cleaned of fat body. 	They were pipetted into 
a depression slide and cut into small pieces of approximately 
1 mm, 2 to be used as explants (fig. 11). 	Hanging-drop 
prepratons were prepared, the cultures being incubated 
upside-down to aid cell adherence to the coverslip. 
The ovary of the stlkmoth consists of four ovarioles 
connected by stalks to the oviduct. 	The distal parts are 
coiled up inside a translucent cap or outer sheath which is 
globular in shape. 
Schneider (1915) carried out elegant studies or the 
nature and functions of the different cells of the ovary 
of the silkmoth at various stages of its development. 	An 
ovariole is enveloped by an epithelial sheath composed of 
large spindle-shaped cells. 	Their cytoplasm is lightly 
stained and the chromatin material is distributed at the 
• 	 '4 








Transverse section of cilsIat oortion of 
ovariole of silkmoth pupa. 	(Photo: x 300 approx.) 
a - outer cap of connective tissue 
b - ovariole sheath 
c - muscular layer 
- intermediate layer 
e - inner follicle cell layer 
f - membrane 
Inoroanig Salts mgm./100 ml. Oroanic acids mgm./100 ml. 
NaH2PO4 110 Malic 60 
M9C12 6H20 300 c<'Ketoglutaric 35 
MgSO4 7H20 370 Succinic 6 
KCI 300 Pumaric 5.5 
CaC12 80 





Glucose 	 70 	Lactalbumin 	700 
Fructose 40 hydrolysate 
Sucrose 	 40 	DL Lysine 	100 
L Histidine 200 
DL Serino 	100 
56. 
porry of the nuclei. 	The sheath is bounded by an 
irine a1 outer layer of muscle cells which are 
responsible for the peristaltic movements of the ovarioles. 
Below this layer, and separated by a membrane is an 
intermediate layer of undefined cells, oval in shape and 
which stain more strongly than the sheath cells. 	The 
inner layer of follicle cells is in turn separated from the 
intermediate layer by its own distinct bounding membrane. 
These inner follicle cells surround the ova and nurse cells 
as illustrated in fig. 12. 
Schneider claimed that during the development of the 
pupal stage "a membrane wedges itself into the follicle 
cells coming to enclose part of the cells and to leave 
outside the remaining ones." 	The "remaining ones" are 
presumed to correspond to those of the intermediate layer 
described. 	The cells of the intermediate and inner 
layers may have the same origin. 
Culture Media 
The medium used to cultivate the silkmoth ovarian 
tissue was based on the work of Wyatt (196) and Grace (198) 
and contained lactalbumin hydrolysate and T.C. yeastolate. 
For details see table. 
Preparation of the Medium 
The ingredients in table 1 were dissolved in water 
' 
Figure 13. 
The beginning of cell migrdton fror 
xpldnt of diausiig 	l:oth ovarian 
-1 issue, 'lth TLy in vitro. 
redistilled in a Pyrex glass still, but the lactalbumin 
was dissolved separately by autoclaving the solution at 
lOibs. pressure for 10 minutes. The solutions were 
mixed, CaC1 2 being added last. 	The pH was adjusted to 
6.35 with lcY% KOH and the haemolymph was added at a 
concentration of 1. 	The final solution was 
sterilized through a Seitz filter. Streptomycin and 
Penicillin were added at concentrations of 0.1 mg./ml. 
and 0.03 mg./ml. respectively. The medium was stored at 
50 C. 
Other media tasted on the same tissue were Grace's 
medium (1958) in which several of the amino acids were 
omitted. 	These were L-Aepartic acid, L.-Asparagine, 
DL-Alanjne, p -Alanine, L-Proline, DL-Throonine, 
L-Tryptophan, 
Trager's medium (i 	was also testec except that 
silkmoth pupal extract w s incorporated instead of 
tsetse-fly pupal extract. 
The vertebrate tissue culture medium T.C. 199 was 
supplemented with 10-25% silkmoth pupal haemolymph 
appropriately pretreated. 	The pH was adjusted to 6.4 
Cell migration usually began after a lag phase of up to 
4 days after the preparation of the hanging-drop (fig. 13). 
57. 
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58. 
The cells continued to wander out from the explants up 
to the 9th day, the medium being changed every 5th day. 
At this time, cell migration was extensive, covering the 
area of the coverslip occuied by the culture medium 
(figs. 14 and 15). 	Time-lapse photography showed the 
amoeboid tendencies typical of cells In culture. 	The 
cultures could be maintained up to 4 weeks provided the 
medium was changed every 5 days. 	Deterioration of the 
cells was indicated by the formation of hexagonal 
patterns, and the accumulation of large vacuoles in the 
cytoplasm. 	This was followed by complete disintegration of 
the cells. 	Despite the inability of the cells to remain 
viable for longer than one month, the explant continued to 
display contractile movements up to 6 weeks. 	The explant 
began to dispLay this "movement" after cell m1grtion was 
complete, and in some cases it was so vigorous that many 
cells were detached from the coverslip. 
It is extremely difficult to assign the origin of cells 
present in outgrowths to their sites of origin in the explant 
tissue. 	Cells isolated in culture assume shapes and 
appearances very different from the corresponding cells in the 
organ from which they were lerived. 	In the stained 
preparations of silkmoth ovary cultures it was observed that 
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Figure 17. 
Cellular outgrowth stained j situ. 	Relatively 
lrge, lightly stained cilts are base of the ovariole 
sheath. 	One of these cells is in metaphase. 	Most of 
the smaller, and more darkly stained cells -r tins of 
the intermediate layer. 	8 day old culture. 
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Relatively large and vocoolated cells 
ierive•d from the ovaro1e sheath. 	Binucleate 
condition exists in some of the cells. 
pIlk 
	




Celts derived from the intermedfte 1aer of 
ovariole explant, 9th day in vitro. 	Phase contrast. 
; 
Epithelial sheet present in the cellular 
outgrowth. 	Presumably Formed by fusion of 
cells derived from tho ovayioi.e sheath, 9th 
day in vitro. 
9 . 
and that the cells of the ovariole sheath and intermediate 
layer were predominunt in the outgrowths (fig. 16). 	The 
cells of the ovariole sheath could be distinguished from 
those of the intermedidte layer by being more liohtly 
stained in the cytoplasm which was frequently vacuolated. 
This was observed particularly when the cells were 
flattened against the coverslip (fig. 17). 	It was noted 
that the number of binucleate cells, many of which were 
sheath cells, increased with the age of the culture (fig. 18). 
Near the edge of the explant the cells of the intermediate 
layer were smaller and rounded but they also assumed 
amoeboid shaoes, typical of cells in culture (fig. 19). 
One could not rely on this fedture as a means of 
distinguishing them. 
In some of the cultures, brush-like extensions 
composed of cells from the connective tissue cap, and 
sheet-like epithelium formed by fusion of the cells derived 
from the ovariole sheath appeared in the cultures prior to 
migration of discrete cells from the explant. 	Epithelial 
sheets sometimes occurred in the outgrowths where they 
remained intact for about 6 days (fig. 20). 
The follicle cels from the inner layer were capable 
of migrating luto the cellular field if their bounding 





An extrem1y Lirge olvnuclette nurse cell 
present in the cellular outgrowth 5taned in 
situ, 8 day old culture. 
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Cells in a d3teriorated state after 
being kept in the vertebrate tissue culture 
medium T.. 1)9, 6th day in vitro. 
cut in many places so that all the cells would have the 
same chance of escaping into the medium. 	However, it 
was difficult to distinguish them from the cells of the 
intermediate layer. 	The muscle cells which created the 
peristalsis of the exDlants were not detected in the 
cellular field, although some fibroblast-like cells were 
present in the outgrowths. 	Large polynucleate nurse 
cells were capable of wandering into the surrounding 
medium (fig. 21). 
The other media tested produced varied results. 
Grace's medium was capable of producing cell division, 
but the cultures remained viable for a shorter period of 
time than in 3-C medium. 	The modified version of 
Grace's medium in which the number of amino acids were 
omitted, failed to induce cell migration from explants. 
No cellular outgrowths were recorded in preparations using 
Trager's medium. 	It is interesting that T.C. 199, 
containing 2% haemolymph, and with its pH adjusted to 6.35 
failed to support insect cells in vitro. 	After one week, 
the cells showed definite signs of deterioration (fig. 22). 
It is likely that the content of amino acids is 
insufficient thereby upsetting the required osmotic pressure. 
When the concentration of haemolymph was reduced 
below IG%, the cellular outgrowths were decreased. 
61. 
Concentrations of haemolymph above 1 did not improve 
the cultures. 
W" nfW1TWT1_X*MUPT77=V1W*S& 
Hanging-drop preparations are favourable for 
staining the cultures in situ. 	Success depends on the 
capacity of the cells to stick to the coverslip. 	In 
order to retain the explants and outgrowths on the 
surface of the coverslip, care was exercised when fixing 
them. 	Fixative solution, consisting of 33% acetic acid 
in 80% ethanol, was added to the culture medium very 
carefully until the volume of the drop was doubled. 	After 
2 - 3 minutes, the coverslip was tilted slightly and excess 
liquid drawn off with a fine pipette. 	More fixative was 
added on to the edge of the coverslip until it was 
completely covered. 	After 10 minutes, the fixative was 
washed off with 70% alcohol. 	The preparation was stained 
with Ehrlich's haematoxylin for 3 minutes. 	After washing 
the stain off with 70% alcohol, the cells were 
dedifferentiated in acid alcohol. 	This process was followed 
under the microscope. 	"Blueing" with alkaline alcohol was 
followed by dehydration and clearing in xylol. 	The 
preparation was mounted in Canada balsam and gently squeezed 
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Metaphase occurring in a cell of the 









Telophases disrilayed by the cells of 
the intermediate la'•ers, 9 day old culture. 
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Cells of intermediate layer in cellular outgrowth 
almost completely divided, 9 day old culture. 
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The stained preparations were examined and they 
revealed mitotic figures in many cells. 	The cells of the 
ovariole sheath and tho intermediate layer were capable of 
mitosis when they we"e present in the cellular field. 
The area at the pe 	ry of the field showed relatively 
few cells undergoing mitosis, whereas mitotic figures were 
more common in the cells nearer the explants. 	Mitotic 
figures of all stages were present on the outgrowths but 
only occasionally were they detected in the explants 
themselves. 	Migration from the explants appeared to 
favour cell, division. 
The cells from the ovariole sheath underwent mitosis. 
Mitotic figures of most stages are illustrated in figs. 
rV 
	23, 24 and 25. 	Few telphases were found in them. 	It 
is possible that the scarcity may be due to the fact 
that these cells assumed a binucleate condition in the 
cultures (fig. 18). 	The cells of the intermediate layer 
displayed mitotic figures of all stages (figs. 26. 27, 28 
and 29). 
In preliminary experiments 0.05% col.chiclne was added 
to the culture fluid. 	After 1 hour, the cultures were 
stained. 	Unfortunately, colchicine had an adverse effect 
on the cells, by breaking the mitotic spindles. 	The 
Table 2 
Age of Mean No. of Mean No. of Mean Mitotic Mean 
Culture cells mitosis Index % 
(days) (exclu11n 
prophases 
502 6 1.2 
5 5 560 564 6 6 1.0 1.07 
6 630 6 1.0 
7 998 7 0.7 
8 7 1024 990 9 8 0.9 • 
7 950 8 fl,9 
9 870 4 0.5 
9 9 973 954 5 5 0.5 0.5 
10 1021 5 0.5 
11 1203 4 0.3 
12 12 1176 1125 2 3 0.2 0.3 
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Figure 30. 
The extent of growth by cell division in 
hanging-drop cultures of diapausing silkmoth 
ovarian tissue. 	The arrow indicates the beginning 
of cell migration from the explants. 
chromosomes clumped together and it was difficult 
to differentiate between an isolated metaphase plate and 
an abnormal nucleus. 
To evaluate growth by cell division, cell counts 
were made to estimate the total number of cells in the 
outgrowths. 	A micrometer disc was placed in a Xl0 eye- 
piece in a microscope with a mechanical stage. 	An area 
of the cultures was viewed with the X40 objective, and the 
total number of cells and number of mitotic figures in the 
same field recorded. 	This was repeated on different 
fields of the culture, until the total number of cells 
counted was between 500 and 1000. 	The mitotic index 
was calculated (Table 2). 
In S - 6 day cultures the mean mitotic index was 1.1%, 
in a 9 ddy culture 0.5% and a 12 day culture 0.3%. After 
3 weeks the mitotic index was decidedly less (fig. 30). 
The results show that growth by cell division was 
progressive in the cultures. 	Time-lapse photography 
indicated that the time to comolete mitosis was about 30 
minutes. 	Therefore a mitotic index of 0.5% over a period 
of 10 days indicates that several generations of cells 
could have been produced at this time. 	Propháses were not 
counted because of the uncertainty of the existence of a 
nuclear membrane. 	It is also possible that many of the 
63. 
64. 
cells in the outgrowths were incapable of mitosis. 	Those 
cells able to divide would have produced 3 or 4 generations. 
RELATIONSHIP BETWEEN LAG PHASE AND LENGTH OF DIAPAUSE 
Silkmoth pupae of the species E. acivena and . cynthia 
were in diapause when used in the exoeriments. 	The 
development of these pupae is arrested for a period of 
about 6 months from early autumn to early summer. 	It was 
discovered by Van der Kloot (1955) that the diapause period 
may be extended by continuously storing the pupae at 25 0  C. 
Development may also be prevented by placing them in a 
refrigerator at 5 O  c 
A variation in the length of the lag phase was noted 
when culturing the ovaries during the period of diapause. 
Ovaries obtained from diapausa pupae in late autumn and 
early winter produced a lag phase in culture of up to 4 days, 
whereas ovaries removed from pupae in spring had a lag 
phase of only 2 3 days before cellular outgrowths began. 
The cellular outgrowths in both cases remained viable for a 
similar length of time and there was no difference in the 
appearance of the cells. 
It was thought that this observation may be due to a 
factor in the haemolymph which is obtained from the pupae 
which supplies the ovaries. 	However, when haemolymph 
from larvae was used in culture mediun., the lag phase was 
the same. 	It appears that it may be some facto inherent in 
65. 
66. 
the ovaries that is responsible for this effect. 	It may be 
linked with tie concentration of diapause hormone in the 
pupae at the time they ire used for cjlture. 
r"W, • 9 
A pair of immature ovaries of a one 	y 
old female Drosophila melariooaster. 
(:hoto: x 300 aoox.F 
67. 
MAINTENANCE OF TISSUES OF THE FRUIT-FLY 
The culture media used in these studies were Grace's 
medium and JC medium. 	Heat-treated larval extract was 
aided to both media at a concentration of lC. 
omwroomm 
The morphology of the development of the ovaries of 
rosoohi1a melanooaster was carefully studied by Kerkis 
(1931, 1933). 	Pieces of immature ovaries of the late 
pupa and 1 day old adult served as explants in hanging- 
drop cultures. 	The ovaries in the late pupa have grown 
tremendously and changed their form, while at the same 
time their internal differentiation is almost complete. 
About 36 hours after pupal formation, the ovaries become 
attached to the oviducts. 	At this time they contain 
only odgonia. 	The first oocytes appear later in development 
i.e. shortly after emergence of the fly. 
The ovaries of the newly emerged fly are not completely 
mature and contain no ripe eggs. 	They are relatively small 
and abundantly supplied with tracheae. 	Each ovary is made 
up of 15 - 20 egg-tubes or ovarioles (fig. 31), the number 
of which depends upon the larval food condition. 	At this 





Fragments of Jrosophiia ovary serving 
as explants. 	The eLg chambers are filled 
with developing ovum and nurse cells. 
(Photo: x 250 approx.) 
68. 
They are filled with germ cells, some of which have alrecdy 
formed oScytas, whereas some are destined to become nurse 
cells. 	A number of smaller cells give rise to follicle 
cells. 	Each ovario].e is enclosed in a delicate transparent 
membrane. 	As development proceeds, and the oScytes multiply 
and mature, the ovarioles increase rapidly in size. 	The 
follicular epithelium is formed and divides the ovariole into 
egg chambers each of which encloses the egg and its 15 nurse 
cells. 	At the apex of the ovarlole, the germanium consists 
of densely packed cells from which the oogonia become 
differentiated into obcyteg, and nurse cells. 	This region 
repros,nts the young ovary. 
Hanging-drop preparations of Drosophila pupal ovaries 
were prepared using Grace's medium and J-C medium. 	The 
pupae were washed in physiological solution, and the 
puparium was removed. 	The abdomens of the pupae were 
placed in a welled slide containing physiological solution, 
and with fine tungsten needles the ovaries were separated 
from the fat-body. 	They were cut into pieces which served 
as explants. 
Twelve-hour old adult female fruit-flies were 
anaothetised by CO  and their ovaries dissected out in 
physiological solution. 	They were cut into fragments and 
hanging-drops were prepared (fig. 32). 	Complete ovaries 
69. 
were also cultured. 
Cell migration never occurred in these cultures, 
despite the fact that the membranous shetth around the 
germania was impaired. 	The cells within the isolated 
ovarioles deteriorated after 1 week, although peristalis 
continued in the com?lete ovaries for 5 days. 
The adiltion of DrosooMla larval extract to the 
culture medium did not stimulate cell migration. 	The 
extract was prepared by homogenising about 50 final instar 
larvae in an equal volume of culture medium. 	The 
preparation was heated at 600  C. for a few minutes and 
centrifuged at 10 9000 g. for 15 mins. 	The clear 
supernatant constituted the culture medium. 
Nurse cells 
The nurse cells of Drosoohila, ovaries are used in 
F t. 
	 cytological studies, as they contain abundant R.N.A. 
Attempts were made to isolate them by mechanical means. 
The ovaries were dissected out of the immature duult 
fly in the usual manner and the ovarioles were se?arated 
from one another. 	Many of the egg chambers were 
released into the surrounding medium. 	Each egg follicle, 
containing the nurse cells is surrounded by a thin layer 
of follicular epithelium which was pierced with a tungsten 





A group of nurse cells which have 
been 1ibratd frorn an ear charber, 3rd 
day 	vitro. 	(Photo: - x 960 approx.) 
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LLiure_3j. 
Exteiision of ganglion cells which 
migrated from an explant of brain of 
Drosophila larva. 	Large fat cells were 
trapped in the "network" of nerve ceils, 
24 hours in culture. 	Phase culture. 
the developing ovum and nurse cells. 
The nurse cells, which aggregated into groups, remained 
viable for up to 3 days (fig. 33) after which swelling of 
the membrane and final disintegration of the cells occurred. 
They wee easily distinguished from the follicular 
epithelial cells by their large size. 
Neither J-C culture medium nor Grace's medium were 
capable of supporting the nurse cells in vitro. 
Final instar larvae of . melanoaaster were obtained 
in sterile cultures. 	They were dissected in sterile 
physiological solution to remove the brain and imaginal buds. 
The larval central nervous system consisting of two brain 
hemispheres and the compound ventral ganglion is located in 
the third thoracic segment and reaches to the first abdominal 
segment. 	The brain hemispheres are composed of cellular 
cortex and a fibrous core organised into aggregates of 
fibres or g].omeruli. 
Explants of brain, cultured in hanging-drops containing 
3-C culturs medium produced extensions of ganglion cells after 
24 hours in culture (fig. 34). 	Large fat body cells were 
trapped in the entanglement of fibrous cells which remained 
in this state for 6 days. 




Beginning of cell migration from an 
exlant of imaginal bud tisue of final 
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Fiare 36. 
A group of cells which rnorated from 
imaginal bud tissue of DrosoJ lirva 
showing their rounded nutu:e, 3rd day in 
V it r 0. 
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Higher magnification of the same 
cells. 	(Photo: x 900 approx.)  
71. 
were carefully dissected from f5nil instar larvae, and 
cultured in J-C culture medium. 	When the tip of the 
imaginal bud was removed, a number of cells appeared 
in the surrounding culture medium after 24 hours (fig. 35). 
By the 3rd day, many of the cells had migrated some 
distance from the explant. 	Most of them were roundel, with 
clear cytoplasm (figs. 36 and 37). 	After 5 days, they 
tended to aggregate into clumps, accumulated vacuoles, and 
deteriorated. 
CULTIVATION OF HiEMOCYTES 
Attempts were made to cultivate the haemocytes of 
. aregaria and silkmoth pupae . advena and P.. cynthia. 
Final instar nymphs of J. areaaria were anaethetised 
with CO 2* 	They were wiped with 96% alcohol, excess dried 
off with a sterile piece of filter paper. 	One of the 
2nd pair of legs was removed, and gentle pressure on the 
thorax was sufficient to obtain 2 - 3 drops of haemolymph. 
The haemolymph was mixed with an equal volume of culture 
medium in a welled slide, transferred to a silicone-treated 
centrifuge tube, and spun at 500 r.p.m. for 2 mins. 	The 
cells were collected in a clot which was washed in fresh 
culture medium. 	The clot was cut into fragments and 
hanging-droos were prepared. 
The sitkmoth pupae were surface sterilised by 
wiping with cV alcohol. 	An incision was made in the 
head region with a fine pair of scissors and the haemolymph 
was collected in a welled slide. 	An equal volume of 
culture medium was added and the solution was centrifuged 
at 500 r.p.m. for 2 - 3 minutes. 	The haemoytes were 
collected in a pellet, washed in fresh culture medium and 
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}iaernocytes near the edge of the 
explant, showing the rounded granular 
appearance of the cells. 	(Photo: 
x 960 approx.) 
The culture medium used in these studies was the 
3-C culture medium containing 1 mM. phenyithiourea which 
inhibits the phenolase system. 
The haernocytes of a. areaaria were contained in 
fibrous clot. 	After 24 hours in culture some haemocytes 
were present in around the explants (fig. 38). 	It was 
difficult to ensure whether this was a true migration of the 
cells, or whether the cells had been washed free from the 
clot. 	Many of the cells were rounded and granular 
(fig. 39). 	After 4 days, the cells accumulated granules 
and became extremely vacuolated. 
In the silkmoth cultures, the haemocytes were 
collected in a pellet which, when cut into pieces, served 
as explants. 	Twenty-four hours later, particles had 
formed in the nucleus and by the 3rd day they had spread 
into the cytoplasm. 	Sterility tests on nutrient agar 
plates were negative. 	Further investigations into the 
nature of these bodies were not carried out. 	Many 
silkmoths harbour latent viruses so it is not unlikely 
that they may "develop" when the haemocytes are removed 
from their normal environment. 	An interesting finding was 
that cells in ovarian cultures from the pupae which provided 
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haemocytes for culture, did not display this phenomenon. 
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THE SUBSTITUTION OF HAEMOLYMPH BY COMPOUNDS OF HIGH 
MOLECULAR WEIGHT IN THE CULTURE MEDIA 
The incorporation of haemolymph in media has obvious 
disadvantages in studies aimed to elucidate the 
nutritional requirements of insect tissues ia vitro. 
It contains all manner of unknown substances and before 
use it has to be heat-treated rather violently to destroy 
the enzyme that catalyses the production of toxic poly-
phenols. 	It is as yet uncertain whether this treated 
haemolymph may have some beneficial effect on the tissues 
being cultivated. 
In the S-C culture medium the haemolymh was substituted 
by polyvinylpyrrolidone (.V.P). 	This compound was kindly 
provided by Badische Anilin-und-Soda-Fabrik, W. Germany. 
The P.V.P. used with Ay. Mol. Wt. 70,O00 (K-90) was 
incorporated into the medium at a concentration of 0.1%. 
The appropriate amount of P.V.P. powder was dissolved in 
distilled water, autoclaved at lSlbs. for 15 mins, stored 
in the cold overnight, and added to sterile S-C culture 
medium. 	Finally the antibiotics were added. 
Hanging-drop cultures of silkmoth ovaries derived from 
pupae nearly out of diapause were prepared. 	The culture 
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The cells adhered firmly to the coverslip and were no 
different in appearance from those in the control 
cultures in a medium containing lc% haemolymph. 	Migration 
of the cells was quite extensive (figs. 40 and 41). 
Haemolymph was also substituted by methylcellulose at 
a concentration of 0.6%. 	The compound was dissolved in 
distilled water, cooled to 50  C., autoclaved at lSlbs. for 
15 mins. and stored overnight in a refrigerator. 	It was 
carefully mixed into sterile J-C culture medium. 
Hanging-drop preparations of silkrnoth pupal ovaries 
in the above culture medium produced an excellent migration 
of cells (figs. 42, 43, and 44). 
This work is very much in the early exploratory stage 
and it is intended to develop It thoroughly. 	i few 
cultures have been stained and the cells were shown to be 
in excellent condition. 	However, a large number of cultures 
will need to be stained to verify whether or not cell 
division is taking place. 
DISCUSSION 
The results of this work show that whereas it was 
possible to establish primary cell cultures of ovarian 
tissues derived from diapausing pupae of the silkmoth 
Z. advena (Jones and Cunningham, 1960, 1961), it was 
difficult to do the same with tissues derived from locust 
embryos, tsetse-fly pupae and the fruit fly. 	This 
suggests that the medium found suitable to induce the 
proliferation of cells of the silkmoth ovary ia vitro is 
not necessarily favourable to other types of tissues of 
other species of insects. 	It Is true that the 
establishment of a method of primary insect tissues culture 
is an important step but it also serves to show how much 
remains to be done. 
It is likely that the success achieved with silkmoth 
ovarian tissue owes much to the metabolism of the cells 
of this tissue being of a kind that enables the cells to 
utilize the components of the medium provided. 	The 
presence of lactalbumin hydrolysate and T.C. yeastolate in 
the medium devised by Jones and Cunningham (1960, 1961) was 
obviously responsible for throwing the cells into a growth 
phase. 	An important point that calls for comment is that 
the estimation of the mitotic rate in the cultures obtained 
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show that the growth was comparable to that of primary 
cultures of vertebrate tissues. 
The results of attempts to induce the growth of locust 
embryonic tissues in vitro did not meet with the success 
hoped for. 	They survived long enough, however, for 
observations of interest to be made. 	It would seem that 
a prerequisite to culturing locust tissues is to rear 
the donor locusts axenically. becaus. judging from an 
examination of the locust tissues in vitro, the cells tend 
to produce refractile bodies which might be intracellular 
microbiotes. 
One of the dangers in observing cells that fail to 
djist themselves to the medium is that blebbing and division 
typical of deteriorating cells can easily be mistaken for 
mitosis. 	It is likely that past workers may have drawn 
incorrect conclusions through making this error in 
observation. 
The results of attempts to disperse locust embryonic 
tissues illustrate the difficulties that one encountered 
when separate insect cells are required to seed cultures. 
Trypsin and versene seem incapable of dispersing insect 
tissue without having a deleterious effect on the cells. 
The most promising substance, according to the results of 
previous work by Martignoni 	(1958) and the results 
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presented in the present work, is the hydrolytic enzyme 
extracted from the gut and hepatopancreas of the snails, 
Helix 	or Helix oomatia. 	Insect tissues do not 
seem to be composed of cells stuck together in the same 
way as in vertebrate tissues. 	It is not possile to 
simply dissolve away the intracellular ncementlikeH 
substance. 	However, the partial success of the snail 
enzyme is encouraging and further experiments with 
7  similar-type enzyme are called for. 
In the cultures of silkmoth ovarian tissue, the 
nurse cells migrated readily and this suggested that it 
may be possible to induce the nurse cells of the ovary of 
r000hila to do the same. 	However, despite an empirical 
approach to designing a suitable medium it was only 
occasionally, and with great difficulties encountered in 
the technique, that nurse cells could be induced from the 
explant,Drosoohfla ovary,to migrate into the medium. 
Here again one is up against the problem of how best to 
manipulate small ovaries and minute pieces of tissue serving 
as explants. 	However, the nurse cells of Djosonhila provide 
such interesting material for in vitro studies, that the 
problems encountered might be considered to be worth over-
coming to those who are concerned with the propensity of 
these cells for producing RNA in the ovary (Sirlin and 
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Jacob 1960). 
Why it is that one type of tissue will grow in vitro 
successfully while another does not is a problem familiar to 
tissue culturists in general. 	The lactalbumin hydrolysate, 
according to Kagawa 11. Al (1960) contains the whole 
repertoire of known amino acids plus vitamins and it is 
suspected that other growth factors may be present. 	There 
is little to discuss about the establishment of the primary 
cell cultures derived from s!lkmoth ovarian tissue, the 
results are self-evident. 	vhether modifying the medium 
that successfully induced growth in these cultures by 
altering the proportions of the ingredients in relation to 
the lactalbumin hydrolysate would result in other tissues 
being grown in vitro needs further investigation. 	Judging 
from the success achieved by Trager (199 a,b) in his 
cultures of various pupal stages of the tsetse-fly, it 
Is likely that experimenting with the composition of media 
that contained lactalbumin hyirolysate could turn out to be 
rewarding. 
It is always preferable to seed cultures with an 
inocu].um of suspended cells. 	Haemocytes are ideal for the 
purpose and the work of Horikawa and Kuroda (1959) suggests 
that haemocytes multiply in cultures. 	However, there is 
much that is puzzling about the successes claimed in the 
cultivation of haemocytes, and the results of attempts of the 
present work to cultivate the haemocytes of locusts, silkmoths 
and fruit flies indicates that the problem of cultivating 
haemocytes is fdr from solved. 	Indeed, one might legitimately 
suspect that previous claims of growth taking place are based 
on unsure grounds, a feature that has been far too prevalent 
in insect tissue culture work in the past. 
The work that followed the success of establishing the 
primary cell cultures derived from silkworm ovarian tissue 
is marked by two things of interest. 	One is the connection 
that has been shown to exist between the lag phase in the 
cultures and the length of the period in which the donor 
silkmoth pupa had previously been in diapause. 	The longer 
the diapause period the shorter the lag phase and vice 
versa. 	The inference to be drawn from this is that cells 
from a pupa in a weak state of diapause took less time to 
adjust themselves to the medium before migrating. 	The 
other thing of importance is that it is possible to 
dispense with haemolymph in the medium by incorporating 
instead compounds with a high molecular weight. 	The results 
of the present work show that a medium with such compounds 
present, can induce cellular migration of silkmoth ovarian 
tissue in vitro. 	It seems therefore, that the design of a 
synthetic medium for the cultivation of insect cells is now 
within reach. 	This would mean 
would then be able to elucidate 
what nutritional requirements f 
insect tissues in vitro. This 
the successful cultivation of a 
tissues. 
that insect physiologists 
further the problem of 
vour the growth of various 
in turn could lead to 
wider array of insect 
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SUMMARY OF RESULTS 
Locust embryonic tissues were maintained in media composed 
of salts, sugars and locust embryo extract in varying 
proportions. 	In these cultures cells migrated actively or 
floated passively from the explants into the surrounding 
medium. 	Here, the cells survived in a healthy state 
for seven to eight days, long enough to observe changes 
shown by the cells in vitro. 	Survival of these cells was 
not prolonged in media used successfully for the cultivation 
of silkmoth tissues, 
The cells derived from locust embryonic tissue showed 
poor adhesive properties in vitro, and relatively few cells 
became attached firmly to the glass surface. 	The cells 
seemed to adjust themselves with difficulty to the medium, 
and many displayed blebbing and splitting into two halves 
typical of deteriorating cells and not to be confused with 
mitosis. 
Ovarian tissue of the locust was maintained for periods 
up to 4 to 5 days, but few cells migrated from the explants. 
It is suspected that the cells of locust tissues harbour 
microbiotes and that these constitute, in some measure, 
to the deterioration of the cells by interfering with their 
metabolism. 
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The cells of locust embryonic tissue are no more easily 
dispersed than those of post-embryonic tissues by versene 
and trypsin. 	At the concentrations used for vertebrate 
tissue, these agents had a deleterious effect on insect 
cells. 	The hydrolytic enzyme obtained from the snail 
Helix gave the most encouraging results. 	Dispersal by 
mechanical means or by varying the pH did not produce the 
results required. 
Ovarian tissue derived from Drosoohila reared axenically 
in sterile conditions was kept for long periods in various 
media. 	However, cell migration was limited and cell 
proliferation did not occur. 	Ovarian tissue of the 
Glossina was also maintained for long periods in suitably 
designed media. 
Proliferation of cells at a rate comparable with that 
associated with primary cultures of vertebrate tissue took 
place in cultures of ovarian tissue derived from diapausing 
pupae of the silkmoth E. acivena. 	Cellular migration was 
extensive. 	The medium employed consisted essentially of 
balanced salts, sugars, organic acids, lactalbumin hydrolysato 
and T.C. yeastolate. 	Pro-treated haemolymph was also added. 
Polyvthylpyrrolidorte and methylceiJulose were used 
successfully as substitutes for haemolymph in the medium. 
This suggests that the use of a synthetic medium for insect 
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tissue culture work is now within reach for investigating 
the nutritional requirements of insect cells in vitro. 
Cultures of the silkmoth ovarian tissue were stained in 
toto. 	Examination of preparations of cultures of varying 
age permitted an evaluation of mitosis in the cellular 
outgrowths. 	This also revealed that at least four to five 
different kinds of cells were present In the outgrowths. 
It seems certain that at least two kinds of cells derived 
from Vie ovary of a silkmoth pupa are capable of 
proliferating in vitro. 	They are the cells of the ovariole 
sheath and intermediate layer. 	ipithe1ia1 sheets were 
commonly formed in the cultures and the large nurse cells 
also migrated into the medium. 
The length of the initial lag phase in the primary 
cultures of diapausing ovarian tissue of the silkmoth pupa 
was relative to the time the donor has been in diapause. 
The longer the diapause period, the shorter the initial 
lag phase and vice versa. 	Or, the weaker the diapause 
state of the tissue, the shorter the lag phase and vice 
versa. 
The haemocytes of the locust and the silkmoth were 
maintained in vitro long enough for observations to be 
made on them, but there was no evidence that in the 
various media tested on them, that they were capable of 
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proliferating. 	Haemocytes provide a source of cells 
already in suspension and in an isolated state convenient 
for seeding cultures. 	However, until some means is 
achieved of separating the haemocytes rapidly from their own 
plasma and its toxic effects, it is doubtful if advantage can 
be taken of these cells for culturing purposes. 
12. In cultures of larval and imaginal bud tissues of 
rosoth[la, cell migration occurred successfully In media 
comr,osed of balanced salts, sugars, organic acids, 
lactalbumin hydrolysate, T.C. yeastolate and extracts of 
Drosoahila larvae. 	The cellular outgrowths remained 
healthy for U) to five days. 	Some success was also 
achieved in inducing the nurse cells of Drosoohila ovaries 
to migrate into and maintain themselves in the medium. 
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